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~- WALL FDOWS.AND FLOW IMPINGEMENTS FROM THE 
I DEVIATION OF FREE JET GROUPS' A : 

1 .  

NASA TT F- l1,67O 

ABSTRACT. The l i f t  stream o f  VTOL-a i rc ra f t  which take  o f f  
v e r t i c a l l y  and land v e r t i c a l l y  (VTOL = V e r t  c a l  Take-of f  and 
Landing) i s  d i r e c t e d  downward f o r  pure v e r t  c a l  movement. 
T h i s  stream d i r e c t i o n ,  as opposed t o  t h a t  o 
e n t a i l s  a number o f  new f l o w  p a t t e r n s .  O f  s p e c i a l  impor- 
tance a r e  t h e  "ground e f f e c t s "  which occur  when t h e  VTOL- 
a i r c r a f t  i s  on the  ground or a t  low a l t i t u d e .  To make 
v i s i b l e  p ropagat ion  and i n t e r f e r e n c e  o f  the  w a l l  streams on 
t h e  f l o o r  and t h e  fo rming  of  f l o w  r e s e r v o i r s ,  from which 
upward f l o w  occurs,  petroleum-black-images were made. The 
streams, t h e i r  a f f l u x ,  t h e i r  e f f e c t  on each o t h e r ,  and t h e  
upward f l o w  from the  ground were examined i n  v e r t i c a l  
p lanes w i t h  a process u s i n g  l i g h t  sec t ions .  Several methods 
a r e  suggested t o  reduce upward f l o w .  

t h e  ususal  p lanes, 

Flow p a t t e r n s  which r e s u l t  from t h e  combination of free-streams which /816** 
are perpendicular  t o  t h e  ground have been i n v e s t i g a t e d  i n  experiments i n  
which stream propagat ion combined with i n f l u x  and d e f l e c t i o n  were made v i s i b l e ,  
thus  making it p o s s i b l e  t o  determine on t h e  ground t h e  d i r e c t i o n  o f  e f f l u x  
and t h e  formation of  flow r e s e r v o i r s  from which upward flow s tar ts .  
flow v i s i b l e  enabled us  t o  e s t a b l i s h  the p a t t e r n  and t h e  e x t e n t  o f  upward 
flow. This  information i s  va luable  f o r  making measurements o f  v e l o c i t y  
d i s t r i b u t i o n s  i n  t h e  a reas  of  upward flow and f o r  f ind ing  methods o f  e l imina t -  
i ng  upward flow. 

Making 

The l i f t  stream o f  VTOL-aircraft which t ake  o f f  v e r t i c a l l y  and land 
v e r t i c a l l y  (VTOL = Vertical Take-Off and Landing) is  d i r e c t e d  downward f o r  
pure  v e r t i c a l  movement, This stream d i r e c t i o n ,  as opposed t o  t h a t  o f  t h e  
usua l  p l a n e s ,  e n t a i l s  a number o f  new flow p a t t e r n s .  
are t h e  "ground ef fec ts ' '  which occur  when t h e  VTOL-aircraft i s  on t h e  ground 
o r  a t  low a l t i t u d e .  

O f  s p e c i a l  importance 

These ground effects are; 

* P r o f ,  Dr.-Ing. Hertel, Ber l in .  
** Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  t e x t .  
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ground e ros ion ,  

flow e n c i r c l i n g  the a i r f r ame ,  

upward flow from t h e  ground. 

g f o r c e  i s  produced by h o t  stream, then stream p 
connected with the fol lowing thermal effects :  

a] he3tir.g of t h e  airframe, 

I f  t h e  l i f t i  
nea r  t h e  ground i s  

Dpagat i on 

b) " r ec i r cu la t ion" ,  because ho t  gas from t h e  l i f t  stream, which 
i s  mixed i n  with t h e  a i r  t h e  propulsion u n i t  draws i n  i n  upward flow, i s  
sucked i n  aga in .  

Sucking i n  hea ted  a i r  i n t o  t h e  opening o f  t h e  propuls ion  u n i t  r e s u l t s  
i n  a decrease  of t h e  l i f t i n g  force  o f t h e  propuls ion  u n i t .  
r e c i r c u l a t i o n  s e r i o u s l y  th rea t ens  smooth func t ioning  o f  t h e  propuls ion  u n i t  
o f  a VTOL-aircraft n e a r  t h e  ground. 
flow which induces r e c i r c u l a t i o n .  F i r s t ,  thermal upward flow forms as a 
consequence of  a d i f f e r e n c e  i n  dens i ty  between t h e  h o t  a i r  i n  t h e  stream 
f i e l d  and t h e  coo le r  a i r  of  t h e  environment and of  t h e  convection flow which 
develops out  of t h i s .  Secondly, k i n e t i c  upward flow occurs  as a consequence 
o f  t h e  combined effect  o f  s e v e r a l  streams which, i n  propagat ing,  i n t e r f e r e  on 
t h e  ground as wall streams and a r e  the re fo re  p a r t l y  d e f l e c t e d  upward. 
s e v e r a l  s t reams are p resen t  t h e s e  two e f f e c t s  are usua l ly  superimposed. 

Therefore ,  

There are two causes  f o r  t h i s  upward 

I f  

The flow which is  caused by t h e  streams o f  t h e  propuls ion  u n i t  can 
p a r t l y  be  descr ibed  by flow p a t t e r n s  in  tu rbu len t  streams which have been 
ex tens ive ly  i n v e s t i g a t e d .  The streams o f  t h e  propuls ion  u n i t  f i rs t ,  u n t i l  
c l o s e  t o  t h e  ground, have t h e  form o f  f ree-s t reams;  on t h e  ground they are 
d e f l e c t e d  and propagate  as ' I w a l l  streams." 
known about t h e  i n t e r f e r e n c e  e f f e c t  of s e v e r a l  streams on each o t h e r  and on 
t h e  a i r c ra f t .  

However, u n t i l  now, l i t t l e  i s  

Systematic  i n v e s t i g a t i o n s  of  t h i s  combined e f f e c t  were undertaken i n  
t h e  I n s t i t u t e  f o r  Aircraft Construction o f  t h e  Technische Un ive r s i t a t ,  
Be r l in .  S ince ,  f o r  r e c i r c u l a t i o n ,  k i n e t i c  upward flow has t o  be  considered 
more important  than thermal upward flow, these  experiments were conducted 
wi thout  h e a t i n g  t h e  stream a i r .  

To s t a r t  wi th ,  t h e  problem was reduced t o  very simple arrangements 
To make v i s i b l e  propagat ion and and only  t h e  most e s s e n t i a l  parameters .  

i n t e r f e r e n c e  of t h e  wall streams 
r e s e r v o i r s ,  from which upward flow occurs,  petroleum-black-images were made. 
The streams, t h e i r  a f f l u x ,  t h e i r  effect  on each o t h e r ,  and t h e  upward flow 
from t h e  ground were examined i n  v e r t i c a l  p lanes  wi th  a process  us ing  l i g h t  
s e c t i o n s .  
i n  a four-s t ream arrangement.  

on the f l o o r  and t h e  forming o f  flow 

Figure 1 shows a l i g h t  s ec t ions  photograph of t h e  flow p a t t e r n  
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Figure 1 .  Stream Propagation and 
Upward Flow i n  a Diagonal L i g h t  
Sect ion o f  a Four-Stream 
Arrangement . 
A :  Diagram o f  t h e  Arrangement 

a to  d:  Stream J e t s  

e :  Pos i t i on  of t h e  L i g h t  Sect ion 

f : Downward S t  reams 

g :  Upward Stream from t h e  Ground 

P 1 ane 

The f i e l d  o f  t h e  upward flow 
is  determined by measurements a t  
many p o i n t s  o f  t h e  plane o f  s t ream 
emission. From t h e  upward-flow 
f i e l d s  were obtained corresponding 
upward-flow impulses whose va lues ,  
vary ing  with t h e  d i s t ance  from 
t h e  ground, were determined f o r  
many arrangements.  The i n v e s t i -  
ga t ion  made use o f  groupings of  
two-, fou r - ,  and twelve-stream 
arrangements with varying geo- 
metrical dimensions. Many arrange-  
ments proved t o  be disadvantageous 
f o r  " v e r t i c a l  engineering" because 
upward flow was too  s t r o n g .  
experiments showed t h a t  it i s  
p o s s i b l e  t o  reduce upward flow 
with t h e  fol lowing methods : 

The 

1. concentrated arrangement 
of  t h e  l i f t i n g  gear ,  

2 .  a p p l i c a t i o n  of  a d d i t i o n a l  
c e n t r a l  stream, 

3 .  a t t a c h i n g  d e f l e c t i o n  f l a p s  
t o  t h e  fuse l age .  

I f  t h e s e  methods are used s i n g l y  
o r  i n  combination i n  a s u i t a b l e  
way, upward flow can be e l imina ted .  

T rans l a t ed  f o r  t h e  Nat ional  Aeronautics and Space Adminis t ra t ion under Contract  
No. NASw-1695 by Techtran Corporation, P.O. Box 729, Glen Burnie, Md. 21061 
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Per telecon with Cress Whiting, Code USS-T, the title "Wall Flows and Flow Irnpfii'qernents 
v 

From The Deviation o f  Free Jet Groups" should be used for both TT-F-11670 and 

TT-F-11680. These reports were both authored by Heinrich Hertel. These reports KXH 

will be announced by this title in the NASA Translations List. 
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